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Currently patients with diabetes comprise up to 25-30% of the census of adult wards and critical 
care units in our hospitals. Although evidence suggests that avoidance of hyperglycemia (> 180 
mg/dL) and hypoglycemia (<70 mg/dL) is beneficial for positive outcomes in the hospitalized 
patient, much of this evidence remains controversial and at times somewhat contradictory. We 
have recently formed a consortium for Planning Research in Inpatient Diabetes (PRIDE) with the 
goal of promoting clinical research in the area of management of hyperglycemia and diabetes in the 
hospital. In this article, we outline eight aspects of inpatient glucose management in which ran- 
domized clinical trials are needed. We refer to four as system-based issues and four as patient-based 
issues. We urge further progress in the science of inpatient diabetes management. We hope this call 
to action is supported by the American Diabetes Association, The Endocrine Society, the American 
Association of Clinical Endocrinologists, the American Heart Association, the European Association 
for the Study of Diabetes, the International Diabetes Federation, and the Society of Hospital Med- 
icine. Appropriate federal research funding in this area will help ensure high-quality investigations, 
the results of which will advance the field. Future clinical trials will allow practitioners to develop 
optimal approaches for the management of hyperglycemia in the hospitalized patient and lessen 
the economic and human burden of poor glycemic control and its associated complications and 
comorbidities in the inpatient setting. 



Over the past decade, there has been 
increasing interest in glycemic man- 
agement of hospitalized patients. 
There is now broad consensus that both 
hyperglycemia and hypoglycemia in hospi- 
talized patients are associated with adverse 
outcomes, including mortality. There is less 
agreement, however, as to whether these 
associations actually reflect the effects of the 
quality of glucose management or are 
merely underlying paraphenomena of the 
severity of acute illness. Even more contro- 
versial is the actual potential impact of 
glycemic control during these hospitaliza- 
tions that are often relatively brief, the 
specific glucose ranges that should be tar- 
geted, and the methods by which clinicians 
might achieve these. 
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In the 1960s, research on the benefits of 
glucose-insulin-potassium infusion during 
acute myocardial infarction began, but this 
line of inquiry was not focused on glucose 
control per se (1). Interest in the general 
field of glycemic management in the inpa- 
tient setting began in the mid 1 990s (2) . The 
next 10 years were marked by both prospec- 
tive observational trials and randomized 
clinical trials (RCTs), the majority of which 
seemed to indicate that "lower is better": 
hospital complications, length of stay, cost, 
and even mortality could be dramatically 
decreased in a variety of critical care settings 
if mean glucose concentrations were re- 
duced, usually with intravenous insulin, to- 
ward or within the euglycemic range (3,4). 
Some results, however, seemed too good to 



be true, especially in the context of such 
short hospital stays. This skepticism led to 
confirmatory trials, most conducted using a 
multicenter design. These could not con- 
firm the initial positive findings from 
single-center investigations (5-7). There 
was resulting confusion as to how these re- 
sults might shape clinical practice. Several 
consensus documents have emerged, each 
endorsing a more moderate approach to the 
management of glycemia in the hospitalized 
patient (8-11). Notably, all have called for 
more research in this area so that we can 
better understand the impact of both hyper- 
glycemia and hypoglycemia on inpatient 
outcomes and better delineate evidence- 
based standards for hospital practice. 

To date, most investigations have been 
funded through local resources or industry, 
as agencies appear reluctant to commit 
financial support for research in inpatient 
glycemic management. However, greater 
efforts devoted to the study of diabetes in 
the hospital setting would have broad 
implications for our health care system 
(12). In addition to funding, the nascent 
discipline of inpatient glucose manage- 
ment will benefit from standardized no- 
menclature, consistent and meaningful 
metrics, and transparent study designs 
and analytical methods allowing for com- 
parison of study outcomes. 

In this article, we outline eight aspects 
of inpatient glucose management in which 
RCTs and/or rigorously designed observa- 
tional studies are needed. We refer to four 
as system-based issues and four as patient- 
based issues. Our goal was to identify 
existing research gaps and clinical care 
challenges in inpatient glucose manage- 
ment and to suggest future directions for 
each. These are summarized in Table 1. 

System -based issues 

Obstacles for glycemic control in 
the hospital 

Despite growing evidence supporting the 
importance of glycemic control in the 
hospital setting (13-15), numerous obsta- 
cles stand in the way of its achievement. 
Major factors include unanticipated 
changes in nutrition; medication changes 
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Table 1 — Key issues in inpatient glucose management, suggested solutions, and areas in which future research is needed 



Suggested solutions and future research needed 


System-based issues 


Obstacles for glycemic control 
in the hospital 


Development and evaluation of provider inpatient glucose management education tools. 

• Address barriers to achieving glycemic control 

• Improve provider knowledge of critical glucose management topics to 
enhance patient safety 

Development and evaluation of point-of-care electronic clinical decision aids to 

guide prescribers in implementing evidence-based guidelines. 
Develop inpatient glucose management sign-out tools to enhance provider communication. 

• Electronic insulin/glucose data display 

• Daily diabetes rounding sheet 


Implementation and impact of 
glycemic management teams 


Use QI statistical methodologies that allow systematic evaluation of the impact of 
multicomponent glucose management programs on process, intermediary, and 
clinical outcome measures. 

Perform multicenter, prospective "trials" of different team-based glycemic control 
strategies within single healthcare organizations. 


Standardization of glucometrics 
and benchmarking among 


Determine an agreed-upon definition of inpatient hypoglycemia and hyperglycemia 
using thresholds that are associated with adverse clinical and economic outcomes. 


Economic impact of glycemic 
control in the hospital 


Perform RCTs and observational studies to examine different treatment approaches to 

achieving glycemic control in noncritically ill patients on hospital costs and length of stay. 

Design retrospective and prospective studies to determine which elements of multicomponent 
glucose management programs are most cost-effective. 


Patient-based issues 


Sliding scale vs. nutritional/correctional 
scheduled insulin administration 


Perform comparative effectiveness RCTs, similar to RABBIT, comparing scheduled insulin 
(basal/nutritional/correctional) to sliding scale insulin (basal + sliding scale without 
nutritional insulin). 

Health services studies to evaluate the impact of systems interventions on prescribing behavior. 


Glycemic control in special 
patient populations 


Patients on enteral and 
parenteral nutrition 


Comparative effectiveness RCTs comparing several approaches to insulin management. 

• Premixed insulin vs. scheduled basal and short-acting insulin 

• Addition of total insulin dose to TPN bag vs. combination of basal insulin with nutritional 
insulin in TPN bag 

Comparative effectiveness RCTs comparing insulin-based to incretin-based therapies. 


Patients on glucocorticoids 


Comparative effectiveness RCTs of approaches to insulin management in patients receiving 

various types of glucocorticoids. 
Comparative effectiveness RCTs comparing insulin-based to incretin-based therapies. 


Patients undergoing organ 
transplantation 


Intervention studies (RCTs) to determine whether tight glycemic control following 
transplantation improves graft survival and total and cardiovascular mortality. 

Intervention studies (RCTs) on key risk factors for NODAT to determine if NODAT 
can be prevented. 


Use of incretin-based therapy 
in the hospital 


Comparative effectiveness studies (RCTs) of incretin-based 

versus insulin-based therapies on glycemic and clinical outcomes in critical care 
and noncritical care patient populations. 


Transition from inpatient to 
outpatient management 


Develop and test algorithms to determine the most appropriate hospital and 
postdischarge glycemic control regimen based on patients' prehospitalization 
glycemic control. 

Design observational studies to better characterize risk factors for readmission in 

patients with diabetes. 
Comparative effectiveness studies of optimal hospital discharge approaches 

for patients with diabetes to prevent readmission. 



QI, quality improvement. 
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and the use of medications associated with 
increased insulin resistance such as gluco- 
corticoids, often in variable and changing 
doses; physiologic stress responses to ill- 
ness; comorbid events such as acute or 
worsening renal insufficiency which may 
heighten the risk for hypoglycemia; and 
multiple system/organizational barriers, 
including the lack of communication 
and/or diabetes management knowledge 
deficits among providers and care givers. 

Many patients experience changes in 
nutritional status during the course of a 
hospitalization, switching from oral in- 
take to temporary nil per os status, and 
occasionally to the initiation of enteral or 
parenteral feeding. Each of these changes 
requires distinct, individualized, and spe- 
cific insulin regimens (16). In addition, 
patients admitted to the hospital may 
have inadequate outpatient glycemic con- 
trol, or need to be transitioned from oral 
antihyperglycemic agents to insulin. 
Stress can come from many sources in- 
cluding procedures, surgeries, infection, 
and pain, adding to the numerous factors 
that can unexpectedly raise or lower glu- 
cose values in the hospital setting. 

Furthermore, communication is always 
a challenge in the inpatient setting. Good 
communication and coordination, as well 
as agreement between the primary team 
and the consulting diabetes specialist, are 
essential for appropriate insulin adjust- 
ments and anticipation of major changes 
in a patient's status. In addition, syn- 
chrony between physicians and other 
providers including nurses, nurse practi- 
tioners, dietitians, pharmacists, as well as 
staffing issues required for efficient coor- 
dination of care (orders, timing, dietary 
requirements, and effective protocol im- 
plementation) must be emphasized in or- 
der to lessen the risk of errors. Clear 
communication with the patient, devoting 
particular attention to those with 
hypoglycemic unawareness, can be espe- 
cially helpful in preventing untoward 
outcomes, particularly in the transition 
to discharge. 

Finally, system issues often present 
further obstacles to glycemic control in 
the hospital setting. Coordinating insulin 
dosing with meals is often problematic. 
Hospital staff may have varying degrees 
of knowledge regarding proper manage- 
ment of both hyper- and hypoglycemia, in- 
cluding a lack of awareness of consensus- or 
evidence-based practices. The behaviors 
and beliefs of physicians and other provid- 
ers are often difficult to change because of 
clinical inertia. This is best demonstrated 



by the continued use of "sliding-scale insu- 
lin" as a substitute for scheduled insulin 
with correction doses. Insufficient under- 
standing of the importance of inpatient gly- 
cemic control and a fear of the risk of 
inducing hypoglycemia may influence var- 
ious care practices. 

Suggested future directions. To address 
and overcome these obstacles we recom- 
mend development and evaluation of 
J) provider education tools to improve 
knowledge of and address barriers to 
achieving glycemic control, 2) clinical de- 
cision aids at the point of care to guide 
prescribers in implementing evidence- 
based guidelines, and 3) inpatient glucose 
management sign-out tools to enhance 
provider communication. These inter- 
ventions should target physicians, midle- 
vel care providers, nurses, pharmacists, 
and dietitians. Studies evaluating the in- 
terventions should assess their impact on 
processes of care (insulin prescribing 
practices), intermediary outcomes (hy- 
perglycemia and hypoglycemia), clinical 
outcomes (in-hospital mortality, nosoco- 
mial infections), and economic outcomes 
(length of stay, hospital admission costs, 
readmissions) (Fig. 1). 

Implementation and impact of 
glycemic management teams 

In 2004, the American College of Endo- 
crinology published a position statement 
outlining the rationale for inpatient gly- 
cemic control (17). Following this early 
consensus conference, numerous suc- 
cessful campaigns were launched to in- 
spire and produce champions in the 
burgeoning field of inpatient diabetes 
management. In 2009, the American Col- 
lege of Endocrinology partnered with the 
American Diabetes Association and 
released a call to action that outlined strat- 
egies for successful implementation of in- 
patient glucose management programs 
(8). Although clinical studies evaluating 
insulin use in the hospital setting have 
continued to emerge since then, rigorous 
scientific studies examining the risks and 
benefits of institutional programs with 
multilevel interventions have lagged be- 
hind. The optimal study should evaluate 
valid process (e.g., protocol adherence and 
prescribing practices), intermediary (e.g., 
glycemic control), clinical (e.g., nosocomial 
infections), and economic (e.g., length of 
stay) outcomes, as well as institutional 
acceptance and cost-effectiveness. Addi- 
tionally, the expertise of glycemic manage- 
ment teams may be particularly important 
when managing patients treated with 



continuous subcutaneous insulin infusion 
or other special populations, such as those 
receiving enteral and parenteral nutrition, 
glucocorticoids, and transplant medica- 
tions (see below). In this era of account- 
able care, high-quality research to 
identify the most effective glycemic man- 
agement program characteristics and 
components, and the information sys- 
tems required to maintain them, is abso- 
lutely imperative, since 30-50% of adult 
inpatients have diabetes and/or hypergly- 
cemia during their hospital stay. 
Suggested future directions. Given eth- 
ical considerations in not exposing all 
inpatients to the same quality of care and 
logistical issues, RCTs in this area are 
challenging. However, several groups 
have described quality improvement statis- 
tical methodologies that allow systematic 
evaluation of a program's impact on out- 
comes using process control charts (18). 
These methodologies should be used to 
J) systematically evaluate the impact of 
multicomponent glucose management 
programs on process, intermediary, and 
clinical outcomes before and after the inter- 
ventions, and (2) evaluate institutional in- 
terventions through regularly scheduled 
cycles of performance improvement (e.g., 
Plan-Do-Study-Act) allowing real-time al- 
ternations to make interventions most ef- 
fective. Finally, multicenter prospective 
"trials" are needed to examine the impact 
of different team-based glycemic control 
strategies at single healthcare organizations 
(e.g., physician-led team vs. midlevel care 
provider-led team) on process, intermedi- 
ary, and clinical outcomes. 

Standardization of glucometrics and 
benchmarking among hospitals 

Over the past decade, a growing body of 
knowledge has emerged regarding the 
importance of the management of hyper- 
glycemia in hospitalized patients, both in 
intensive care units (ICUs) and in non- 
critical care settings (19). As a result of 
these data, clinical guidelines have been 
published, and The Joint Commission has 
even established an "Advanced Certifica- 
tion in Inpatient Diabetes" program. Glu- 
cose data collection and analysis are the 
foundation of all of these efforts. Unfor- 
tunately, there is a surprising lack of stan- 
dardization that hampers benchmarking 
between various hospitals and direct 
comparison of different protocols. 

Point-of-care glucose values from 
noncritical care units are used for most 
analyses, whereas for critically ill pa- 
tients, both hospital laboratory plasma 
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System-level interventions 

Hospital-wide Hypo and 
Hyperglycemia Policies and Order 
sets through centralized glucose 
management programs 
Education tools to improve provider 
knowledge (nursing, physicians, 
mid-level care providers, 
pharmacists) 

Clinical decision aids at point of care 



Patient-level interventions- 
treatment 

Insulin and/or incretin-based 
therapies for special patient 
populations— enteral and parenteral 
nutrition, glucorticoids, organ 
transplantation, dialysis, labor & 
delivery, insulin pump 



Patient-level 

interventions— discharge 
planning 

Appropriate discharge to home 
processes ; 



Improved Processes of Care 

Initiating appropriate components of 
insulin therapy (scheduled instead of 
sliding scale insulin use) 
Appropriate daily adjustments to 
Insulin 

Appropriate nutritional insulin 
administration practices 
Protocol-driven response to 
Hypoglycemia 
Protocol adherence 



Improved Intermediary 
Glucose Outcomes 

% of readings within hypoglycemic, 
euglycemic, or hyperglycemic range. 
% of patient hospital days with an 
episode of hypoglycemia (e.g, <40 
mg/dL) or hyperglycemia. 
% of patient hospital days with day- 
weighted mean BG in euglycemic & 
hyperglycemic range 
Overall mean patient-day or patient- 
stay blood glucose 



i 



Improved clinical and 
Economic Outcomes 

Decreased LOS 
Decreased cost of admission 
Decreased incidence of readmission 
for hyperglycemia, or DKA 
Decreased rates of inpatient 
mortality, nosocomial infections 



Figure 1- 

(W. 



-Diagram of a conceptual model for pathway s to quality inpatient management of hyperglycemia and diabetes, adapted from Munoz et al. 



glucose values and point-of-care testing 
are often used. Even when the types of 
glucose data are homogeneous, adverse 
outcomes do not have agreed-upon def- 
initions. For example, hypoglycemia can 
vary from "glucose level <70 mg/dL," 
which encompasses the physiological 
levels of 60-70 mg/dL, to glucose levels 
<60 mg/dL. "Severe" hypoglycemia is 
frequently described as glucose values 
<40 mg/dL, without adequate data sup- 
porting these particular glucose thresholds. 

Glucometrics efforts by Yale, the Uni- 
versity Hospitals Consortium, and the 
Society of Hospital Medicine (20-23) 
are important steps in the direction of 
standardization, but the definition of op- 
timal glucose control still differs among 
hospitals and does not always reflect the 
glycemic targets published by the Ameri- 
can Association of Clinical Endocrinolo- 
gists, the American Diabetes Association, 
and The Endocrine Society. 
Suggested future directions. Since RCTs 
are not ethical, rigorously designed retro- 
spective and prospective observational 
studies are needed to determine hypogly- 
cemia and hyperglycemia thresholds that 
are associated with adverse clinical (e.g., 
mortality, nosocomial infections) and eco- 
nomic outcomes (e.g., length of stay, 



hospital charges). These data can assist 
in achieving consensus universal defini- 
tions of glucose control or malglycemia 
(24). It is also important to achieve con- 
sensus on the most appropriate glucomet- 
ric model for describing hyperglycemia 
(e.g., population, patient-day, or patient- 
stay model) based upon which model is 
most strongly associated with clinical 
and economic outcomes. Finally, profes- 
sional organizations that develop inpatient 
glycemic guidelines need to collaborate with 
The Joint Commission to assist in standard- 
izing glycemic definitions across hospitals. 

Economic impact of glycemic 
control in the hospital 

The potential economic impact of glyce- 
mic inpatient management initiatives 
needs to be established further. Available 
evidence shows that in the critically ill 
patient, intensive insulin therapy (IIT) 
results in a reduction in ICU length of 
stay and hospital costs. Van den Berghe 
et al. (25) estimated a reduction in ICU 
length of stay of 2 days with an associated 
reduction in costs of €2,680 (~$3,410) 
per admission in patients who were treated 
with IIT. Krinsley et al. (26) also reported 
a reduction in ICU length of stay, but a 
more modest 0.3 days, with a cost savings 



of $1,580 per patient after implement- 
ing IIT. Finally, Sadhu et al. (27) showed 
an impressive reduction in ICU length of 
stay of 1.8 days with a savings in total hos- 
pital costs of $7,580 per patient in patients 
receiving IIT. Despite these encouraging 
data, further studies are needed in other 
patient populations. This is particularly 
pressing in the noncritically ill, which com- 
prise the majority of hospitalized patients. 
Suggested future directions. RCTs ex- 
amining different treatment approaches 
to achieving glycemic control in noncriti- 
cally ill patients should also assess the 
impact of the interventions on hospital 
costs and length of stay. Multilevel mod- 
eling approaches applied to retrospec- 
tively and prospectively collected data 
should be used to examine the impact 
of hospital-wide glucose management 
programs on economic outcomes and to 
determine which elements of multicom- 
ponents programs are most cost-effective. 

Patient-based issues 

Sliding scale versus nutritional/ 
correctional scheduled insulin 
administration 

To the great chagrin of the majority of 
diabetologists (28,29), the use of sliding 
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scale insulin administration persists, even 
at the most prestigious teaching hospitals 
(23,30). This reflexive behavior of order- 
ing sliding scale may be harmful, compar- 
ing unfavorably to the more physiological 
scheduled insulin therapy. Several obsta- 
cles appear to exist in this seemingly per- 
petual and frustrating fight. The first is a 
lack of agreement on and understanding 
of what the term sliding scale actually 
means. Depending on the amount of 
food (or carbohydrates) to be consumed 
and the level of premeal glycemia, both 
components of scheduled bolus insulin, 
nutritional and correctional, may differ 
from one injection to another. This may 
create the deceptive appearance of a slid- 
ing scale regimen in the eyes of nonspe- 
cialists. It is our task to clearly articulate 
the differences between sliding scale in- 
sulin and scheduled insulin doses that in- 
clude both nutritional and correctional 
(supplemental) insulin for our colleagues 
and the next generation of clinicians. 

A significant challenge preventing the 
elimination of the sliding scale is the lack 
of clinical evidence for the superiority of 
basal-prandial correction therapy to the 
sliding scale approach during shorter hos- 
pital stays. The paucity of trials examining 
the potential impact of glycemic control 
during shorter stays raises reasonable ques- 
tions about the appropriate approach in 
this setting. However, it may not be ethical 
to test sliding scale insulin therapy without 
scheduled insulin in type 1 diabetes. 

An effective solution to the use of 
sliding scale insulin is the development 
and implementation of policies, proto- 
cols, and order sets for scheduled insulin 
administration in various clinical situa- 
tions, as was demonstrated by the RABBIT 
(RAndomized Study of Basal-Bolus Insu- 
lin Therapy) studies (31,32). Unfortu- 
nately, these are not available in many 
hospital systems: institutional acceptance 
of protocols and order sets is far from uni- 
versal. This leaves these key clinical deci- 
sions in the hands of practitioners, who 
may be reluctant to seek advice from a 
consultant but are unwilling or lack the 
expertise to implement proactive insulin 
strategies themselves. 
Suggested future directions. Additional 
well-designed comparative effectiveness 
RCTs, similar to the RABBIT studies, 
examining the effect of scheduled insulin 
(basal/nutritional/correctional) to sliding 
scale insulin (basal + correctional with- 
out nutritional insulin) on intermediary 
glycemic, clinical, and economic out- 
comes are needed to provide the evidence 



base for promoting changes in prescribing 
practices. In addition, health services 
studies are needed to evaluate the impact 
of systems interventions, such as imple- 
mentation of policies, protocols, and or- 
der sets promoting scheduled insulin and 
provider education, on changing pre- 
scribing behavior. 

Glycemic control in special clinical 
populations 

A) Patients receiving enteral and par- 
enteral nutrition. Enteral and parenteral 
nutrition pose major challenges for glu- 
cose management in the hospital. These 
nutritional approaches frequently result 
in hyperglycemia, even in patients 
without a history of diabetes. The resul- 
tant hyperglycemia has been associated 
with poor outcomes (33,34). However, 
scheduled subcutaneous insulin may be 
difficult to implement safely because of 
frequent planned and unplanned inter- 
ruptions and titration of the nutritional 
source. In the case of enteral nutrition, a 
small randomized clinical study demon- 
strated that subcutaneous basal insulin is 
more effective than correction dosing 
alone (35). Another study had suggested 
that the use of premixed 70/30 insulin 
twice or three times daily may be safer 
than the use of long-acting insulin in pa- 
tients on continuous tube feeding (36). It 
is unclear whether approaches such as 
scheduled short-acting insulin may be 
equally safe and efficacious because stud- 
ies of other potential approaches have not 
been published. In the case of total par- 
enteral nutrition (TPN), no randomized 
controlled trials comparing various ap- 
proaches to insulin therapy are available, 
although retrospective data suggest that 
the addition of insulin in the TPN bag 
provides good control with less hypogly- 
cemia than the use of intravenous insulin 
or subcutaneous insulin alone (37). 
Suggested future directions. Compara- 
tive effectiveness RCTs are needed to 
compare several approaches to insulin 
management on intermediary glycemic, 
clinical, and economic outcomes for pa- 
tients receiving continuous enteral nutri- 
tion and TPN. For either nutritional 
approach, a computerized intravenous 
insulin algorithm or noninsulin agents, 
such as incretin-based therapies, may pro- 
vide safer or more effective alternatives, but 
very few data are available. Therefore, 
comparative effectiveness RCTs comparing 
the effect of insulin-based to incretin-based 
therapies on glycemic and clinical out- 
comes are needed for this population. 



B) Patients receiving glucocorticoids. 

Administration of glucocorticoids has a 
detrimental effect on glycemic control in 
patients with diabetes (38,39), presenting 
a significant challenge for both outpatient 
and inpatient management. The dose and 
frequency of steroid administration varies 
widely, and steroids may be tapered or 
stopped abruptly. Acute or short-term 
administration of methylprednisolone 
causes predominantly postprandial hy- 
perglycemia that lasts 6 to 12 h. Predni- 
sone and dexamethasone have even longer 
durations of action. Because NPH insulin 
has a duration of action of —8-12 h (40) , it 
has been used at the time of methylpred- 
nisolone administration to counteract the 
hyperglycemic effect of this glucocorticoid 
(41). NPH insulin may be stopped as soon 
as methylprednisolone is discontinued, 
providing a safer option than having re- 
sidual insulin action from high doses of 
long-acting insulin lasting for hours after 
discontinuation of steroids. However, no 
systematic research has been published in 
patients receiving either multiple daily 
doses of steroids or in those receiving 
dexamethasone. 

Suggested future directions. Compara- 
tive effectiveness RCTs of approaches to 
insulin management on glycemic, clini- 
cal, and economic outcomes in patients 
with steroid-induced hyperglycemia re- 
ceiving various types of glucocorticoids 
are needed. Recently published commu- 
nications suggest that either GLP-1 
agonists or dipeptidyl peptidase-4 inhib- 
itors may be useful in treating steroid- 
induced hyperglycemia (42). Thus, 
comparative effectiveness RCTs comparing 
the effect of insulin-based to incretin-based 
therapies on glycemic, clinical, and eco- 
nomic outcomes are needed in this popu- 
lation. 

C) Patients undergoing organ trans- 
plantation. Hyperglycemia is a common 
problem in patients undergoing solid organ 
or hematopoietic stem cell transplantation. 
There is a significant prevalence of preex- 
isting diabetes in patients undergoing 
transplantation as well as patients who 
develop new-onset diabetes after transplan- 
tation (NODAT) (43-45). In a large epide- 
miological study of kidney transplantation, 
the cumulative incidence of NODAT was 
9% at 3 months and increased linearly to 
24% at 36 months (46). Common risk fac- 
tors for NODAT include hepatitis C infec- 
tion and steroid and calcineurin/c inhibitor 
combination therapy. 

In most studies, preexisting diabetes 
had no effect on renal graft survival but 
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was associated with increased mortality, 
which was mostly cardiovascular (46,47). 
NODAT has been associated with renal 
graft failure and increased cardiovascular 
mortality (45,48). Whether hyperglyce- 
mia is causal or just a marker of graft 
rejection or cardiovascular mortality re- 
mains unknown. 

Suggested future directions. RCTs are 
needed to determine whether tight glyce- 
mic control following transplantation im- 
proves graft survival and total and 
cardiovascular mortality. Intervention 
studies on key risk factors for NODAT 
are also needed to determine whether the 
risk of NODAT can be reduced by J) treat- 
ing hepatitis C infection, 2) using steroid- 
free immunosuppression, 3) avoiding 
calcineurin/mammalian target of rapamy- 
cin inhibitor combination therapy, or 4) 
hyperglycemia management with insulin. 
A recent pilot study demonstrated that in 
kidney transplant patients without prior 
diabetes, short-term (3 weeks) tight gly- 
cemic control using insulin reduced the 
risk of development of NODAT at 12 
months by 73% when compared with 
control subjects with less tight glucose 
control (49). The authors speculate that 
early insulin therapy is (3-cell protective. 
This surprising finding needs to be repli- 
cated, and a larger multicenter trial is cur- 
rently underway. 

Use of incretin-based therapy in 
the hospital 

Incretin-based therapies would be ex- 
pected to control hyperglycemia in the 
hospital setting in patients with type 2 
diabetes without risking hypoglycemia, 
when used in the absence of other 
hypoglycemic agents such as insulin. 
The rationale for predicting that 
incretin-based therapy might be safer 
than insulin therapy lies in its glucose- 
dependent insulin secretion, a marked 
benefit in reducing glycemic elevations 
from two stress hormones (glucagon and 
glucocorticoids), decreased glycemic var- 
iability, elimination of need for insulin, 
decreased requirement for bolus insulin 
even if basal insulin is needed, and po- 
tential beneficial effects on cardiovascular 
function (50). As alluded to in prior sec- 
tions, the preliminary and mainly uncon- 
trolled studies published thus far must be 
validated in well-designed RCTs (51). 
Suggested future directions. Compara- 
tive effectiveness RCTs are needed to 
examine the effect of incretin-based 
versus insulin-based therapies on glyce- 
mic, clinical, and economic outcomes in 



critical care and noncritical care patient 
populations. 

Transition from inpatient to 
outpatient management 

For a patient with diabetes being dis- 
charged to home from the hospital, there 
are both short- and long-term concerns. 
The immediate issue is whether or not the 
patient can safely return home. The long- 
term concern is how and when changes to 
preadmission medication regimens 
should be implemented at hospital dis- 
charge. 

The distinct feature of diabetes tran- 
sitional care is that the inpatient diabetes 
medical regimen is often completely dif- 
ferent from what is used in an outpatient 
setting in the majority of patients (16). 
Current standards for inpatient diabetes 
management are based primarily on insu- 
lin therapy, regardless of whether they 
were treated with insulin or oral agents 
prior to admission (19). Conditions in 
the hospital may cause dramatic differen- 
ces in glucose handling that may not re- 
turn to baseline after discharge. This can 
be particularly challenging in patients on 
continuous subcutaneous insulin infu- 
sion who may need the devices temporar- 
ily removed or adjusted during certain 
procedures or due to mental status 
changes during a hospitalization. 

The discrepancy in diabetes drug 
therapy between inpatient and outpatient 
care poses a significant threat to patient 
safety after patients are discharged. The 
doses of insulin recommended on dis- 
charge can be significantly higher or 
lower than those actually needed at 
home. 

Furthermore, diabetes may contrib- 
ute to the high readmission rates associated 
with certain conditions, such as cardio- 
vascular disease. In addition, many pa- 
tients with uncontrolled diabetes do not 
have their diabetes regimen adjusted 
properly both prior to or during the 
hospitalization, possibly due to apparent 
clinical inertia (52). The hospitalization 
per se and the design of a diabetes medi- 
cation regimen for the patient upon 
hospital discharge may represent op- 
portunities to modify previous outpatient 
diabetes care. How the level of prehospital 
control may guide therapy during hospi- 
talization and after hospital discharge to 
prevent readmissions should also be a 
subject of intense investigation (53,54). 
Suggested future directions. Studies are 
needed to develop and test algorithms to 
determine the most appropriate hospital 



and postdischarge glycemic control regi- 
men based upon patients' prehospitaliza- 
tion glycemic control. Rigorously designed 
observational studies are needed to better 
characterize risk factors for readmission 
among diabetic patients because risk fac- 
tors and causes specific to this population 
are not well characterized (55). Finally, 
comparative effectiveness studies are 
needed to determine optimal hospital dis- 
charge approaches for patients with diabe- 
tes, to maintain continuity of care and 
prevent readmissions. 

Conclusion— The PRIDE group, 
a consortium for Planning Research in 
Inpatient Diabetes, has been formed to 
promote clinical research in the manage- 
ment of hyperglycemia and diabetes in 
the hospital. We urge further progress in 
the science of inpatient diabetes manage- 
ment. We hope this call to action is 
supported by the American Diabetes As- 
sociation, The Endocrine Society, the 
American Association of Clinical Endo- 
crinologists, the American Heart Associa- 
tion, the European Association for the 
Study of Diabetes, the International Di- 
abetes Federation, and the Society of 
Hospital Medicine. Appropriate federal re- 
search funding in this area will help ensure 
high-quality investigations, the results of 
which will advance the field. Future clinical 
trials will allow practitioners to develop 
optimal approaches for the management of 
hyperglycemia in the hospitalized patient 
and lessen the economic and human bur- 
den of poor glycemic control and its 
associated complications and comorbidi- 
ties in the inpatient setting. 
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